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Abstract 
The renewable energy is nowadays in growing interest for the developing countries. Sea waves are an important source to 
produce clean energy. In Lebanon, the application of wave and tidal energy is not yet developed. The aim of this work is to 
design a high-efficiency system that harvests the sea wave energy to produce electrical power. A novel concept of a mechanical 
system will be presented in details. This system benefits from the transverse motion of waves and converts it into electrical 
power. The proposed wave converter consists of a flat plate to which two double acting piston-cylinder assemblies are connected. 
When submerged under water, the system exploits the drag experienced by the plate to operate the double-acting cylinders and 
pump water through a hydraulic circuit to a storage tank placed at a higher elevation. After reaching this tank, the water is 
directed to a hydro turbine generator placed at a lower elevation and electric power is produced. A prototype is built and 
successfully tested on the Lebanese shore.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the International Conference on Sustainable Design, Engineering 
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1. Introduction 
The renewable energy sources are part of the solution for the global problem of energy. Offshore Renewable 
Energies (OREs) and especially wind and waves, are amongst the sources with the greatest potential ( [1],  [2]). 
However, wave energy is not developed yet. Using waves as a source of renewable energy offers significant 
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advantages over other methods of energy generation  [3]. It is estimated that the potential worldwide wave power 
resource is 2 TW  [4]. Nowadays, the development of an efficacious and powerful system for electricity generation 
from waves, is of special interest and constitutes a challenge for both engineers and researchers. 
A number of authors studied several types of wave converter ( [5],  [6],  [7]). These studies showed that many wave 
energy devices are investigated. However, many of these devices are at the R&D stage. Falnes  [8] proposed many 
different types of wave-energy converters of various categories. Kofoed et al.  [9] proposed also three projects of 
wave converters. These converters are Wave Dragon, Wave Star and Seawave Slot-cone Generator. The concept of 
the Wave Dragon works by waves overtopping a ramp, filling a floating reservoir with water a higher level than the 
mean sea level. The Wave Star is equipped with a number of floats which are moved by the waves to activate 
pumps. The Seawave Slot-cone Generator is an overtopping based wave energy converter utilizing a total of three 
reservoirs placed on top of each other. Other studies are conducted on the wave converters in parallel with another 
system, forming a hybrid system ( [10],  [11],  [12]). 
In this project, a wave power generation system is presented. First, the design of this system is explained. The 
system components are detailed and the operation process of the system is described. The manufactured system is 
also presented and tested in a location on the Lebanese coast. The first results of the installed system are shown. 
These results seem to be promising with respect to the classical systems results.  
 
Nomenclature 
WEC Wave Energy Converter 
ca Velocity of the wave, m/s  
P Wave energy flux, W 
Hm0 Significant height of the wave, m 
ܵ௨௧ Ultimate Strength, MPa 
ܵ௬  Yield Strength, MPa 
E Tensile Modulus of Elasticity, MPa 
2. Wave Converter Design 
The concept of the proposed wave converter benefits from the transverse motion of the waves by using pistons. 
The design is a hinged system where the plate is submerged at the bottom of the sea. The system is moving in both 
directions forward and backward, in response to the ebb and flow of the surface waves. This device captures the 
energy directly and oscillates along the fixed axis animated by bearings. Two cylinders are attached to a plate that 
absorbs this kinetic energy and pump the fluid into a hydraulic circuit as high pressurized water to a storage tank 
placed at a higher elevation. After reaching this tank, the water is directed to a hydro turbine generator placed at a 
lower elevation, in order to produce clean electrical power. The design of the wave roller is shown in Fig.1.  
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Fig.1. Roller components 
Each part will be detailed with its role. It is vital to know the function of each part of this complex system in order to 
better understand how it works. The following are the main components of the system:  
2.1. Polyamide plate 
The plate is the moving part in the system that has back and forth movement; it is a rectangular plate that has a 
1300mm length and 900mm width made of polyamide (POLYSTON D). The mechanical properties of this 
polyamide plate are shown in Table 1. 
     Table 1. Mechanical Properties of the Plate 
Properties Value Unit 
Yield Stress Sy 27 MPa 
Tensile Modulus of Elasticity E 1200 MPa 
Elongation at break >50 % 
2.2. Y-Bearing 
The bearing used in the system design is a Y-bearing based on sealed deep groove ball bearings that maintains the 
free rotation of the plate around a fixed axis. It has an internal diameter of 40 mm. This diameter was calculated with 
respect to the estimated applied loadings. 
2.3. Shaft 
The shaft is fixed to the polyamide plate (Fig.1). This shaft is made of stainless steel AISI304. It has in the middle 
a rectangular shape in order to ensure a sufficient surface of contact with the polyamide plate. This rectangular part 
has a length of 900mm and a square cross section of 60mm×60mm. To be connected to the selected bearings, this 
shaft has two circular parts at each end. 
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2.4. Double acting cylinders 
Double-acting cylinders, in which the working fluid acts alternately on both sides of the piston, are used. In this 
case, these cylinders are used to pump the sea water into a tank placed on a higher sea level. They have a stroke of 
600mm and a bore of 63mm. 
2.5. L-Supports 
The L-supports are used to fix the system at the bottom and to catch the bearings (Fig.1). 
2.6. Mechanical stops 
The mechanical stops are used to stop the plate when the pistons reach the end courses. These mechanical stops 
are used for safety issues. Indeed, the calculated angle of rotation of the plate corresponding to the full course of the 
pistons is 100°. This is equivalent to 50° from each side of the plate’s vertical position. To avoid the risk of pistons 
failure when the wave energy is relatively large, the plate is stopped at an angle of 45°. The total stroke of the 
pistons corresponding to this angle is 570 mm. 
2.7. Valves and fittings 
The outlet of the piston has a diameter of 3/8 inch (16.2 mm). However, the desired calculated pipes’ diameter is 
1 in (32 mm). For this reason, increasing diameter and unequal Tee connectors are used as fittings to ensure the 
connection. Non-return valves or check valves that allow the fluid to flow through in one direction are also used. 
Moreover, it is intended to provide an open inlet for total immersion on a pump suction line. A foot valve is then 
fitted with a filter or strainer. The assembly of these fittings coupled to the piston is shown in Fig.2. 
 
 
Fig.2. Fittings connected the pipes to the pistons 
For the used double acting cylinders, the sea water is acting consecutively on the two sides of the piston. For 
example, in the forward motion shown in Fig.3 (a), the piston is sliding through the cylinder in the first direction 
(the piston is closing, corresponding to the shortest piston length). The following procedure is then performed: 
1) At hole1: the water is pumped out of the cylinder through the Tee-fitting, passes into the non-returning valve 
(or check-valve) before arriving to the threaded end pipe and rises to the tank. 
2) At hole2: At the same time, the sea water is sucked into the piston-cylinder assembly, through the Tee-fitting 
connected to this hole, after reaching the foot valve and being filtered by the strainer. 
In the Backward motion (Fig.3 (b)), the piston is sliding out of the cylinder (opening position or direction to the 
maximum length). In this case, the direction of water is inversed in the cylinder through the holes. Water is pumped 
out of hole 2 and more water is sucked in through hole 1.  
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Fig.3. Motion of the roller a) forward direction, b) backward direction 
3. Results and Discussions 
The proposed design was manufactured and assembled as a first prototype as shown in Fig.4. The system was 
first put into sea water using a winch. The roller was located in the sea at a location that is far enough from the rocks 
at a depth of 1.5 m below the free surface of water. The system was 10 m away from the shore and was positioned 
horizontally at the bottom of the sea. After taking the whole system into location, fitting the pipes and positioning 
appropriately every part, the system was tested.  
 
 
Fig.4. Assembly of the roller 
The connected pipes have a length of 25 m and the volume of the used tank is 2,000 liters. Two pipes are used; 
one for the contraction of the pistons and the other for their elongation. Based on the waves’ motion, the water was 
successfully pumped into the tank as shown in Fig.5. The tank was placed 9 m above sea level. Consequently, the 
height of the tank with respect to the pipes was about 10.5 m. 
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Fig.5 Water arriving from the roller to the tank 
When the roller was put into the sea, the pumping of water into the tank started immediately. Even though the 
waves at that time were not significant (ܿ௚ ൌ ʹ݉Ȁݏ), the water was pumped to an elevation of 9 m. The tank was 
totally filled after a period of time of only 1 hour. It is vital to note that during this period, the wave’s motion was far 
from its optimum. 
Once the tank was full, the valve was opened to let the water flow down towards the turbine located 4 m below the 
tank as shown in Fig.6. The turbine generator is integrated in the used micro Pelton turbine (Fig.6). It is important to 
note that the water turbine could be positioned 8 m below the tank in order to produce 600 W (and 300 W if the 
turbine is located at 6 m below the tank), but this was not possible due to the location limitations.  
 
Fig.6. Turbine receiving water from the tank 
Preliminary tests were conducted on this system to have an idea about the installation conditions and the first 
results. Other tests will be performed with optimum conditions in order to obtain the exact efficiency of the system. 
In this paper, only first results of the preliminary tests are presented. A machine tester of nominal power of 18 W is 
used due the limitations of time and conditions. In the future tests, the output power of the turbine generator will be 
precisely measured. The estimated flow rate of the water through the turbine is 6 liters/s; the time needed to empty 
the tank is about 5.5 minutes. To ensure a continuous system using the same prototype (same pistons, same plate, 
same pipes…), eleven parallel rollers will be needed.  
The efficiency of the system when the turbine is installed at 8 m below the tank is estimated. Indeed, it is possible 
to generate 600 W, as electrical output power. The wave energy flux can be written as  [13]:  
ܲ ൌ ଵଵ଺ ߩ݃ܪ௠଴ଶܿ௔       (1) 
With ܿ௚  is the group wave velocity and Hm0 is the significant height of the wave. The maximum calculated 
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corresponding input wave power is then 804 W.  
The theoretical efficiency of the proposed system is found to be about 74.6%. This efficiency is considered high 
due to the absence of major losses in this system. The present system losses are only due to minor losses in the pipes. 
4. Conclusion 
In this paper, a wave converter device is proposed in order to produce clean energy. The proposed system benefits 
only from the transverse motion of the waves. The principle of this system is to pump sea water and collect it in a 
tank located at a higher altitude with respect to water’s free surface. The sea water collected in the tank is then 
directed to flow to a lower level and into a water turbine in order to generate clean power.  
The system is designed; a first prototype is manufactured and installed on the Lebanese coast. A tank of volume 
2,000 liters is then filled in 1 hour. The used micro Pelton turbine placed at 4 m below the tank successfully 
generates clean power. The first results are promising. However, the actual output power and the corresponding 
efficiency could not be measured during the first tests. The theoretical efficiency is only estimated. Future tests will 
be conducted with better conditions and placing the tank at higher attitudes and the output power will be precisely 
measured. Moreover, the wave roller of this system benefits only from the transverse motion of the waves. It is of 
great interest to add another component capable of exploiting the longitudinal (heaving) motion of the waves. This 
component can be a buoy. In fact, the authors are currently investigating the possibility of including a buoy to the 
overall system, in order to build a complete wave converter system that is capable of increasing the water flow rate.  
In addition, multiple units could be installed in parallel to ensure continuous water pumping (larger flow rates) 
and hence, better continuous power production. In addition, the authors are also designing a hybrid system that 
generates electricity from both wave and wind. Wind turbines could be merged with the proposed system in order to 
obtain a hybrid system for clean energy production.  
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